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Authors, please fill out the brief questionnaire below.   

A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) No  
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) Yes If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps. We will use Camtasia as suggested.
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.) Essential steps are 3.1 (essential components), 3.3 (position of the laser output in the cavity), 3.8 (laser pre-adjustment), 5.2 (small angle increments), 6.2 (building the homemade polarization analyzer), 6.9 (automation script using the homemade polarization analyzer).
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list 1-2 individual steps using the step numbers listed in this document. (Please do not list entire sections.) Step 3.8. Once the laser cavity is designed and built, it might take some time to adjust it and find mode locking. In particular, when adjusting the birefringence of the polarization controller one has to inspect a large portion of all the possible modes of operation of the laser and this could take a while. It is also important to fix the pump power near the threshold for mode locking to avoid the existence of several mode locking regimes among which our automation procedure would not be able to discriminate. This pre-adjustment is crucial for the automation procedure to be efficient because it reduces the number of degrees of freedom to one: the angle of the polarization controller. This angle is varied while searching for mode locking.
E.  Will the filming need to take place in multiple locations? (Y/N) Yes, the laboratory and my office. If yes, how far apart are the locations? The laboratory is on floor 0 and my office is on floor 3 of the building named Pavillon d’optique et photonique (Université Laval).
1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 
A. Experimental Goal (read by voice talent at JoVE):
The overall goal of this procedure is to detect and automate mode locking in a pre-adjusted nonlinear polarization rotation fiber laser.
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Michel Olivier: This procedure provides an alternate way to existing automating procedures based on an optical spectrum analyzer, an RF spectrum analyzer, a nonlinear detecting scheme, or a pulse counting device. 

1.2. Michel Olivier: Its main advantages are that it is relatively inexpensive. It is easy to implement, and only a small fraction of the laser output is tapped for monitoring. 

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  

D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
Protocol (read by voice talent at JoVE):

2. Overview
2.1. This animation shows the concept of mode locking based on nonlinear polarization rotation. [2.1.1-LM] The signal is polarized by the polarizer and then transformed into an elliptic polarization state by the polarization controller. [2.1.2-LM].

2.1.1. LAB MEDIA: “Figure 1.mov” (Video editor: Please begin showing the fixed image from about the 5 second mark. This will show all the elements in place and the direction of light propagation.)

2.1.2. LAB MEDIA: continued (Video editor: Please allow movie to advance to about the 11 second mark. This will end with the placement of the final arrow after the ellipses on the “Low-power signal” line.)

2.2. The Kerr nonlinearity in the fibers of the cavity forces a rotation of this ellipse which is proportional to the instantaneous power of the signal. Transmission at the final polarizer will thus favor the transmission of high-power portions of the signal leading to the formation of a pulse. [2.2.1-LM]

2.2.1. LAB MEDIA: continued (Video editor: Continue with the movie until the last arrow is placed at the end of the “High-power signal” line. The last two lines of narration should be associated with this shot.)

2.3. By positioning a polarization analyzer just before the final polarizer, detection of a pulse in the cavity is possible by discriminating between polarization states. [2.3.1-LM] This is achievable because a pulse will undergo a larger nonlinear polarization rotation than a continuous wave signal during a round trip in the cavity. [2.3.2-LM]

2.3.1. LAB MEDIA: “Figure 2.mov” (Video editor: Please play the movie from the beginning and stop it at the 4 second mark to coincide with the narration.)

2.3.2. LAB MEDIA: continued (Video editor: Continue playing the movie until the arrows appear at the end of the lines labeled “CW signal” and “Pulse”.)
3. Experiment Setup: A Mode-locked Fiber Laser with a Motorized Polarization State Controller
3.1. The first step is to set up a fiber laser system on a stable platform. [3.1.1-WIDE] To begin, setup the laser ring cavity at the core of this experiment on an optical bench.  [3.1.2-MED/CU]

3.1.1.  Talent at bench with ring cavity, near the first polarizer

3.1.2. Overview of the optical elements so viewer can identify the light path (Video editor: In the experimental ring cavity, the signal propagates in the clockwise direction. Maybe you can superpose a circular arrow pointing in the clockwise direction to indicate it in the actual footage of the experimental cavity.)

3.2. This schematic provides an overview for orientation: light propagates clockwise. To understand the setup, start with the polarizer. [3.2.1-LM] A fiber-pigtailed polarizer is used. [3.2.2-CU] It is fusion-spliced with a section of polyimide-coated fiber that is inserted in an all-fiber motorized Yao-type polarization state controller. The presence of this component is essential for the automation procedure. [3.2.3-CU]
3.2.1. LAB MEDIA: “Figure 3.pdf” (Video editor: Please hide the rectangles and labels for 'Computer' and 'Polarization analyzer', as well as any black lines to them. This image goes with two sentences. During the second sentence, in some way highlight the symbol labeled 'Polarizer'. As additional elements are introduced, the videographer provided shots through step 3.3 don't have transitions. If it is possible, in some way use this image to provide context for the viewer. Two ideas come to mind. As each new element is mentioned, highlight it on this image and associate the video of the element with its symbolic representation. Alternatively, simply highlight the element in the lab media and show the video and the lab media on screen simultaneously, with precedence given to the video. I like this last option.)

3.2.2. Detail of fiber and polarizer 

3.2.3. Detail of fiber and polarization controller (Video editor: The highlighted text can be edited out, if necessary. In “Figure 3.pdf” this corresponds to the rectangle labeled 'Motorized polarization controller'. The first Author Protocol Interview refers to the angle in this step. The second author interview, now labeled 9.2, refers to the control of the angle of this polarization controller. However, I think it would be more appropriate to insert 9.2 after step 5.1.1.)

3.3. After the polarization controller, place a 980/1550 nanometer wavelength division multiplexer that is pumped by a 976 nanometer laser diode. [3.3.1-CU] Then pass the light through a single-mode erbium-doped optical fiber that is the gain medium. The erbium-doped fiber glows green when it is pumped, as shown here. [3.3.2-CU]

3.3.1. Detail of wavelength division multiplexer (Video editor: In “Figure 3.pdf” this corresponds to the symbol labeled '980/1550 nm WDM.)

3.3.2. Detail of erbium-doped fiber or polyamide-coated fiber erbium-doped fiber transition. Please consult authors. (Video editor: In “Figure 3.pdf” this corresponds to the green curve labeled 'Erbium-doped fiber'.)

3.4. The erbium-doped fiber is fusion-spliced with a hybrid 980/1550 nanometer wavelength division multiplexer and 1550 nanometer isolator; it is pumped by second laser diode. [3.4.1-CU]

3.4.1. Detail of wavelength division multiplexer/isolator (Video editor: In “Figure 3.pdf” this corresponds to the symbol labeled ' 980/1550 nm WDM 1550 nm isolator'.)

3.5. The final element in the cavity loop is a 50/50 output coupler that should be put just before the polarizer. [3.5.1-CU] The output from the cavity goes to a 99/1 splitter with 99% going to usable output. [3.5.2-MED/CU] The 1% goes through a manual polarization controller and provides feedback for automated mode-locking. [3.5.3-CU]

3.5.1. Detail of output coupler (Video editor: In “Figure 3.pdf” this corresponds to the symbol labeled 'Output coupler'. The first author interview, labeled 9.1 in this text for reference, should be inserted here.)

3.5.2. Detail of the 99/1 splitter (Video editor: In “Figure 3.pdf” this corresponds to the symbol labeled 'Splitter')

3.5.3. Detail of the manual polarization controller (Video editor: In “Figure 3.pdf” this corresponds to the symbol labeled 'Manual polarization controller')

3.6. The next step is to connect the motorized polarization controller to a computer controller. [3.6.1-LM] First connect the intra-cavity fiber squeezer polarization controller to its driving module. [3.6.2-MED/CU]
3.6.1. LAB MEDIA: “Figure 3.pdf” (Video editor: This should begin with the 'Computer' and 'Polarization analyzer', as well as any black lines to them, hidden [as in 3.1.3]. By the end of the sentence, add the black line between the 'Motorized polarization controller' and the 'Computer', as well as the rectangle labeled 'Computer'.)

3.6.2. Talent connecting polarization controller to its driving module

3.7. Then connect the driving module to the USB port of the computer. [3.7.1-MED/CU] Return to the laser output fibers on the bench and select the 99% output. [3.7.2-MED] Connect the 99% output to an optical spectrum analyzer using a bare fit adapter. [3.7.3-MED] [3.7.2-MED]
3.7.1. Talent connecting the driving module to the computer USB port

3.7.2. Talent moving into position to work with the output fiber and the spectrum analyzer, getting 99% output fiber and connecting it to the optical spectrum analyzer.
3.7.3. Talent connecting the output fiber to the spectrum analyzer

3.8. Turn on the pump lasers and move to the computer to start the instrument interface. [3.8.1-WIDE]   Use the interface to command the polarization controller to rotate 3000 steps clockwise. [3.8.2-MED-multiple] While rotating, the controller will reach a mechanical stop. [3.8.3-CU/ECU] Next, command the polarization controller to rotate approximately 1º counterclockwise. [3.8.4-MED]

3.8.1. Talent turning on pump lasers, making final preparations, and moving to the computer [TEXT: Pump laser currents are at maximum allowed values.]

3.8.2. Talent at the computer, entering commands for polarization controller. (If visible, screen should reflect this.) This activity takes place multiple times in the script. Two or three different versions, including one WIDE, would be useful.

3.8.3. Detail of polarization controller as it rotates and comes to a stop. [TEXT: Steps of 0.1125º] (Video editor: This could be slowed down, if necessary.)

3.8.4. Talent at computer using controller (REUSE 3.6.2 An explicit shot of this step was made.)

3.9. Observe the spectrum on the optical spectrum analyzer to determine if mode-lock has been reached. [3.9.1-MED] These spectra are representative of mode-locked, quasi-continuous, and q-switched regimes. [3.9.2-LM] (Voice talent: Please pause after saying each of the three spectra regimes.) 

3.9.1. Talent turning attention to viewing the spectrum analyzer

3.9.2. LAB MEDIA: “ML regime spectrum.pdf”, “Quasi-CW regime spectrum.pdf”, “Q-switched regime spectrum.pdf” (Video editor: Please have these three images onscreen simultaneously, with the “ML regime spectrum” above the other two, which should be side-by-side. Highlight each of the images as they are referred to.)

3.10. Compared with the quasi-continuous and q-switched regimes, the mode-locked spectrum is very broad. [3.10.1-LM]. Rotate the polarization controller counterclockwise in steps of 1º [3.10.2.1-MED-WIDE]; when mode lock is reached, fix the angle before moving on. [3.10.2-MED/WIDE] [3.10.2.2-CU]
3.10.1. LAB MEDIA: continued 

3.10.2. Talent observing spectrum analyzer, then taking steps to fix angle on polarization controller. If the spectrum analyzer screen can be seen, it should show a spectrum consistent with mode-locking
3.10.2.1. Talent observing spectrum analyzer, then taking steps to fix angle on polarization controller.
3.10.2.2. Mode locked spectrum on the optical spectrum analyzer.
3.11. At this point, prepare to search for the pump power threshold. [3.11.1-MED] Reduce the pump power until mode-locking is lost. [3.11.2-CU-TXT] Then, increase the pump power to just above the mode-locking threshold. [3.11.3-MED] [3.11.1-MED-TXT]
3.11.2. Talent in position to change pump power and monitor spectrum analyzer; hands should end up near knobs of power sources

3.11.3. Power supply as power is reduced by talent [TEXT: Monitor the spectrum to detect mode-locking.] 

3.11.4. Talent manipulating power source while observing spectrum

3.11.1. Talent in position to change pump power and monitor spectrum analyzer. Power supply as power is reduced by talent [TEXT: Monitor the spectrum to detect mode-locking.] Talent manipulating power source while observing spectrum

3.12. Observe the mode-locking spectrum, then turn the laser power off and back on to ensure the laser mode locks by itself. [3.12.1-CU][3.12.2-MED] To confirm the mode-locking state, disconnect the fiber from the spectrum analyzer. [3.12.3-MED] Connect the fiber to a fast photodiode set up to display a signal on an oscilloscope. [3.12.4-CU] The mode-locking state produces a pulse train with a repetition rate of about 82 megahertz. [3.12.5-CU][3.12.6-LM]

3.12.1. Capture video of the spectrum analyzer first showing the spectrum, then what happens as power is turned off, followed by the return of the spectrum when the power is restored. Please do the best you can. (Video editor: I don't know if this shot will be usable. Shot 3.12.2 is an alternative.)

3.12.2. Talent observing spectrum as power is turned off and on (Video editor: An alternative shot)

3.12.3. Talent disconnecting the fiber from the spectrum analyzer

3.12.4. Talent connecting fiber to a fast photodiode that is set up for use with an oscilloscope

3.12.5. Video of the oscilloscope trace from the fiber and fast photodiode. Please do the best you can. (Video editor: Shot 3.12.6 is an alternate if this shot can't be used.)

3.12.2. Talent disconnecting the fiber from the spectrum analyzer. Talent connecting fiber to a fast photodiode that is set up for use with an oscilloscope. Video of the oscilloscope trace from the fiber and fast photodiode. Please do the best you can. (Video editor: Shot 3.12.6 is an alternate if this shot can't be used. Comment from author: I would prefer to use the video shooting of the oscilloscope in the laboratory instead of the plot “pulse_train”. It would be more convincing for the audience I believe.)

3.12.6. LAB MEDIA: “pulse_train” “3p12p6_Pulse_train_v2” (Authors: Please provide a signal vs time plot for the output of a photodiode connected to the laser output in the mode-locked regime (similar to one of the panels in Figure 5 of the manuscript). This would be used if the video of the oscilloscope trace is not viable. Use the filename “pulse_train”.) (Video editor: This is an alternative to 3.12.5.)
4. Analyzing the Polarization of the Output Signal
4.1. The next step is to prepare to analyze the polarization of the laser output. [4.1.1-WIDE] To do this, use a commercial polarization analyzer, also called a polarimeter, and input the fiber from the 1% tap. [4.1.2-MED] 

4.1.1. Talent in position to work with the polarimeter and turning it on.
4.1.2. Talent at polarimeter, getting and connecting fiber from tap (possibly over the shoulder shot)

4.2. The final arrangement of equipment for the experiment is depicted in this schematic; the computer can control the polarization analyzer. [4.2.1-LM] Use the computer to put the polarization controller at its mechanical stop, and to start the polarimeter software. [4.2.2-MED] At this point, the optical spectrum analyzer displays a non-mode-locked spectrum. [4.2.3-CU] In the polarimeter software, begin polarization measurement by clicking the 'Start' button. [4.2.4-SCREEN]
4.2.1. LAB MEDIA: “Figure 3.pdf” [TEXT: The optical spectrum analyzer is not shown.]

4.2.2. Talent at the computer starting polarimeter software

4.2.3. Video of the optical spectrum analyzer display showing non-mode-locked spectrum

4.2.4. SCREEN: Begin with the polarimeter software open and in the foreground; move mouse to 'Start' button and start the measurements

4.3. Step the polarization controller counterclockwise in 1º increments. As the range of angles allowed by the intra-cavity polarization controller is explored, observe the polarization state using the polarimeter software. [4.3.1-SCREEN]
4.3.1. SCREEN: “polarization_non_mode_locking” (Authors: Please provide a short movie showing the evolution of the polarization state as the controller begins at the mechanical stop. Please use the filename “polarization_non_mode_locking”) (Video editor: This goes with the first two sentences.)

4.4. Continue exploring the angles until there is evidence of mode-locking. [4.4.1-MED] Note that the polarization state varies smoothly with the angle, except where mode locking is reached. [4.4.2-SCREEN] Observe the spectrum on the spectrum analyzer to verify the signature of mode-locking is evident. [4.4.3-CU]  

4.4.1. Talent a computer using controller (REUSE 3.8.2 An explicit shot of this step was made.)

4.4.2. SCREEN: “polarization_mode_locking” (Authors: Please provide a short movie showing the evolution of the polarization state as it goes from a non-mode-locking state to a mode-locking state. Use the filename “polarization_mode_locking”)
4.4.3. Video of the optical spectrum analyzer display showing non- mode-locked spectrum.

4.5. Return to the computer to continue. [4.5.1-MED] Once again rotate the polarization controller clockwise until it can no longer rotate. [4.5.2-R/CU] [4.5.1-MED] In the polarimeter software, prepare to monitor the Stokes parameters as a function of angle. Here they are ordered S-zero to S-three from top to bottom. [4.5.3-SCREEN] [4.5.2-SCREEN] Step through the angles of the polarization controller in increments of 1º while recording and viewing the values of S-one, S-two, and S-three. It can be seen that S-one undergoes an abrupt variation when the transition to mode locking occurs. [4.5.4-SCREEN] [4.5.3-SCREEN]
4.5.1. Talent at computer (REUSE 3.8.2)

4.5.2. REUSE 3.8.3

4.5.1. Talent at the computer entering command to rotate the polarization controller.

4.5.2. SCREEN: “Stokes_parameters” (Authors: Please have the polarimeter software open to display the Stokes parameters. Use the filename “Stokes_parameters”) (Video editor: This goes with the two sentences.)

4.5.3. SCREEN: “Stokes_measurements” (Authors: Please provide a short movie of the evolution of the Stokes parameters as the controller angle varies. Use the filename “Stokes_measurements”.)  Here, the angle is swept near the mode-locking transition. When it occurs, the mean value of S-one jumps from approximately 0.24 to 0.93. I showed the initial and final values of S-one by circling them with the mouse cursor at the beginning and at the end of the video.
(Note to Authors: The plot and associated step has been removed from this section to limit the use of lab media/still images in the video, and to help adhere to the 3 pg length limit.) What is done in section 5 is programmed in a single Labview routine. We cannot really split it in different sections (showing initial conditions, different values of S-one etc.) as was proposed here. I suggest a new version below.
5. Setting up a Feedback Loop to Automate Polarization Controller Alignment
(Note to Authors: We will not be able to use only lab media/highlighting of the components in a flow chart for this section. In order for this section to be included in the final video, screen capture videos [not still screen shots] must be provided. We have also suggested instances were shots of talent performing actions could be included. If screen capture videos cannot be generated for this section, it should be removed. In this instance, a text overlay can be added at the end of Section 4 directing viewers to refer to the protocol for details on how to setup the feedback loop to automate polarization controller alignment.)
5.5. Continue by using a script designed to read the polarimeter and to control the polarization controller. [5.1.1-WIDE] The logic of the script is given in this flow chart. [5.1.2-LM] First, set the initial conditions–an angle of 0º, and increment of 1º, and a threshold of 0.3. Exceeding the threshold indicates a jump in the Stokes parameter S-one – a sign of mode-locking. [5.1.3-SCREEN] Next, rotate the polarization controller to its minimum value. [5.1.4-SCREEN] 

5.5.1. Talent getting into position at computer. This shot will be reused later.

5.5.2. LAB MEDIA: “Figure 7 – Variant for movie.pdf” 
5.5.3. *To be provided by Authors. Please submit a screen capture video demonstrating the input of the initial conditions where the angle, increment, and threshold are set. In this video, also include/show the jump in the S-one parameter when the threshold is exceeded. 
5.5.4. *To be provided by Authors. Please submit a screen capture video of the polarization controller being rotated.
5.6. Read the Stokes parameter S-one from the polarimeter. [5.2.1-SCREEN] Determine the new value of the polarization controller angle. [5.2.2-SCREEN] Then, position the polarization controller at the new angle. [5.2.3-MED/MED-over the shoulder] Read the updated Stokes parameter S-one from the polarimeter. [5.2.4-SCREEN] Compute the difference between the recent polarimeter reading and the previous reading. [5.2.5-SCREEN] 

5.6.1. *To be provided by Authors. Please provide a screen capture video showing the polarimeter/Stokes parameter S-one. If possible, show mouse cursor moving over this value.

5.6.2. *To be provided by Authors. Please provide a screen capture video showing the updated controller angle (if possible, show mouse cursor move over this value)

5.6.3. Show talent repositioning the controller (use a MED shot if this is performed manually, or MED-over the shoulder shot if this performed in software/talent working at a computer)

5.6.4. *To be provided by Authors. Please provide screen capture video of new Stokes parameter S-one (if possible, show mouse cursor move over this value)

5.6.5. *To be provided by Authors. Please provide a screen capture video of the difference being computed.

5.7. If the difference is above the set threshold, end the script. [5.3.1-SCREEN; 5.3.2-MED-over the shoulder] If not, update the reference Stokes parameter reading to the most recent reading. [5.3.3-SCREEN] Continue to update the polarization controller angle until the threshold condition is met [5.3.4-SCREEN].

5.7.1. *To be provided by Authors. Please provide a screen capture video of the script being ended.  

5.7.2. Talent performing this action in the software. (Video Editor: Include the MED-over the shoulder shot if a screen capture video cannot be acquired/as a backup for 5.3.1.)

5.7.3. *To be provided by Authors. Please provide a screen capture video where the reference Stokes parameter reading is updated.

5.7.4. *To be provided by Authors. Please provide a screen capture video showing the controller angle being updated/the threshold being met.

5.8. This version of the script displays the Stokes parameter S-one as the angle is incremented until there is mode-locking. [5.4.1-SCREEN] Note the final change in S-one is greater than the threshold value of 0.3; this indicates mode-locking and triggers the completion of the script. [5.4.2-SCREEN-TXT] 

5.8.1. *To be provided by Authors. Please submit a screen capture video of the angle being incremented and model-locking is achieved.

5.8.2. *To be provided by Authors. Please submit a screen capture video where a mouse cursor moves over the change in S-one and threshold/0.3 value (and script is completed). [TEXT: Approximate script runtime is 5 minutes.]
5. Setting up a Feedback Loop to Automate Polarization Controller Alignment
5.1. In a graphical programming language, write a script that will find the mode locking condition automatically. [5.1.1-MED] The logic of the script is given in this flow chart. [5.1.2-LM] Basically, the script will start with the polarization controller at the mechanical stop and will increase its angle by steps of 1° while reading the value of S-one from the polarimeter at each step. 

5.1.1. Talent getting into position at computer and modifying a script in a Labview Block Diagram window. 

5.1.2. LAB MEDIA: “Figure 7 – Variant for movie.pdf” (Video editor: the flow chart should remain on the screen until voice talent has read up to “at each step”.)

5.2. As soon as the value of S-one increases by more than a pre-determined threshold value of 0.3 in a single step, the script will stop since mode locking should be achieved. [5.2.1-MED]

5.2.1. Talent typing in the threshold condition in the Labview Block diagram window.

5.3. Next, run the script. This version of the script displays the evolution of the Stokes parameter S-one as the angle is incremented. [5.3.1-WIDE] As the angular sweep begins, the laser is not mode-locked. As the polarization controller rotates, the value of S-one and the optical spectrum of the laser are evolving. [5.3.1.1-SCREEN][5.3.1.2-CU] When the script is over, mode locking is achieved as seen by the broad optical spectrum. [5.3.2-WIDE]

5.3.1. The entire experimental setup is seen. Talent starting the script and showing the graph of S-one evolving and then the optical spectrum analyzer display.

5.3.1.1. Screen shot of the script running showing the graph of S-one evolving: 5p3p1p1_Modelock_search_with_commercial_polarimeter.mp4.

5.3.1.2. The optical spectrum analyzer display showing the spectrum of the laser evolving. (Video editor: Here what we have in mind is to combine 5.3.1.1 and 5.3.1.2 on a single screen split in two vertical sections. On the left, we would put 5.3.1.1. In fact, only the window entitled “Automation_polarimeter_JoVE.vi” is important. On the right, we would show 5.3.1.2, the optical spectrum analyzer display. It would be important to try to synchronize the two sections. When the script starts, the optical spectrum should start to evolve. Also, at the end, when the script ends and the green light is turned on in the computer window, we should see at the same time the spectrum becoming broad. We did our best to synchronize them during the shooting but it was not obvious to start Cantasia simultaneously with the real camera…Finally, this section should be sped up because it takes about 4 minutes. We should then indicate it by adding the text “Approximate script runtime is 4 min.” on the screen.)

5.3.2. The entire experimental setup is seen. The script is running and eventually ends with the green light turning on on the computer window. Talent showing the optical spectrum analyzer display showing the broad spectrum.

6. Building and Deploying a Rudimentary Polarization Analyzer
6.1. The next step is to make a replacement for the commercial polarimeter. [6.1.1-WIDE] Use an oscilloscope connected to the computer with a GPIB interface.  [6.1.2-MED] Next, turn attention to the optical components of the replacement polarimeter. [6.1.3-MED]

6.1.1. Talent at bench preparing for next steps

6.1.2. Talent turning on oscilloscope, or calling attention to it the oscilloscope in some way

6.1.3. Talent focusing attention on optical elements for polarimeter
6.2. There is a polarizing beam splitter at the center aligned with three FC/APC fiber optic port collimators. [6.2.1-CU] Light is input into the beam splitter from the port on top. [6.2.2-CU] Vertically polarized light exits the system from the right port. [6.2.3-CU] Horizontally polarized light is output from the bottom port. [6.2.4-CU]

6.2.1. Detail of beam splitter with collimators

6.2.2. Talent pointing out the top port

6.2.3. Talent pointing out the right port

6.2.4. Talent pointing out the bottom port
6.3. The polarization analyzer also requires fabricating two identical electronic circuits. [6.3.1-MED] Here the two trans-impedance amplifier circuits are on the same breadboard. [6.3.2-CU] The layout of an individual circuit is in this diagram. [6.3.3-LM]
6.3.1. Detail of the board, showing the two circuits

6.3.2. LAB MEDIA: “Figure 9.pdf”

6.3.3. LAB MEDIA: continued (Video editor: Please highlight the triangle and horizontal line at the lower left of the image during this shot.)

6.4. First, an indium gallium arsenide photodiode detects a 1550 nanometer signal. [6.4.1-LM] The photodiode is connected to an operational amplifier, a resistor, and a capacitor. [6.4.2-LM] The output of the circuit is connected to an oscilloscope and provides a measure of the average optical power. [6.4.3-LM]

6.4.1. LAB MEDIA: continued (Video editor: Please highlight the triangle and horizontal line at the lower left of the image during this shot.)

6.4.2. LAB MEDIA: continued (Video editor: Please highlight the large triangle (with the + and – sign), the symbol labeled 'R = 2k', and the symbol labeled 'C = 1F' during this shot.)

6.4.3. LAB MEDIA: continued (Video editor: Please point to the circle labeled 'Vout' during this shot.)

6.5. At the bench, begin connecting the beam splitter outputs to the circuits. [6.5.1-MED] First, connect one output to an indium gallium arsenide photodiode. [6.5.2-CU] [6.5.1-MED] Next, connect the output of the trans-impedance amplifier circuit to channel one of the oscilloscope. [6.5.3-MED-TXT]  Turn on the oscilloscope and the trans-impedance amplifier circuit. [6.5.4-MED]

6.5.1. Talent at the bench, preparing to connect fibers to a circuit

6.5.2. Detail as fiber is connected to a photodiode

6.5.1. Talent at the bench, preparing to connect fibers to a circuit. Detail as fiber is connected to a photodiode.

6.5.3. Talent connecting circuit to oscilloscope [TEXT: Both circuit and oscilloscope are off.] (Video editor: I am not sure that the oscilloscope was off when we did the shot. You should verify on the movie sequence before including the text mentioning it is off. The circuit was off for sure however.)
6.5.4. Talent turning on oscilloscope and circuit.
6.6. Disconnect the 1% output of the laser from the commercial polarimeter. [6.6.1-MED] Connect the output to the input port of the polarizing beam splitter. [6.6.2-CU] [6.6.1-MED] Turn on the laser at an arbitrary pump power to send a 1550 nanometer optical signal. [6.6.3-MED] On the computer, run a script to read the average voltage on channel one of the oscilloscope. [6.6.4-LM-TXT]

6.6.1. Talent disconnecting the fiber from the commercial polarimeter

6.6.2. Detail as fiber is connected to the input of the beam splitter

6.6.1. Talent disconnecting the fiber from the commercial polarimeter. Detail as fiber is connected to the input of the beam splitter

6.6.2. Talent turning on laser and checking system

6.6.3. LAB MEDIA: 53679_SW.docx, Screen shot 7 [TEXT: Average voltage as reported by a LabView script.)

6.7. Return to the optical elements of the polarization analyzer. [6.7.1-MED] Disconnect the output of the polarizing beam splitter from the photodiode. [6.7.2-CU] Instead, connect the beam splitter output to a commercial power meter. [6.7.3-MED/CU] [6.7.1-MED] Read and record the optical power for this pump power. [6.7.4-MED/CU]

6.7.1. Talent preparing to disconnect fiber from photodiode

6.7.2. Photodiode as fiber is disconnected

6.7.3. Talent connecting fiber to commercial power meter

6.7.1. Talent preparing to disconnect fiber from photodiode. Photodiode as fiber is disconnected. Talent connecting fiber to commercial power meter.

6.7.4. Display of power meter showing measured power.

6.8. Continue by varying the power of the input optical signal, then measuring the average voltage and optical power. [6.8.1-WIDE] After several measurements, a plot of the voltage versus power should be linear. Determine the coefficients of this linear relation. [6.8.2-LM]

6.8.1. Talent going through steps to measure optical power for different pump laser power

6.8.2. LAB MEDIA: “PowervsVoltage.pdf” (Video editor: This image goes with the last two sentences.
6.9. Follow the same procedure with the second output of the beam splitter to arrive at the final polarization analyzer setup. [6.9.1-MED-TXT] Both the vertical and horizontal polarization outputs are connected to amplifier circuits. [6.9.2-CU] Each circuit has a dedicated oscilloscope channel which is read by the computer. [6.9.3-CU/MED

6.9.1. Talent connecting second output fiber to second photodiode

6.9.2. Detail of the trans-impedance circuits with fibers going into each photodiode. If it is possible to show the polarizing beam splitter 

6.9.3. The oscilloscope face with inputs from the trans-impedance amplifier circuits

6.10. Now, incorporate the new polarization analyzer into the automated mode-locking process. [6.10.1-MED] Open the script written to search for a discontinuity in the Stokes parameter S-one as a function of the polarization controller angle. [6.10.2-LM] To modify it only requires a change in determining S-one from the apparatus. [6.10.3-LM] 
6.10.1. Talent moving to work at computer (REUSE 5.1.1)

6.10.2. LAB MEDIA: “Figure 7 – Variant for movie.pdf” 
6.10.3. LAB MEDIA: “Figure 7 – Variant for movie.pdf” (Video editor: Please highlight the box “Get updated value of S1 from polarimeter”)

6.11. For this analyzer, compute S-one using this formula. The power values P-x and P-y are found from the measured linear relation between voltage and power for each polarization. [6.11.1-TXT] 
6.11.1. TEXT ON SCREEN (2 lines):[line 1] S1=(Px-Py)/(Px+Py) [line 2] Px, Py–power in horizontal and vertical polarization light

6.12. When done, use the script to automatically scan through the polarization controller angles until mode-lock is achieved. This movie shows the change in the calculated S-one value as a function of the angle; the script stops when S-one has a jump above a threshold value, an indication of mode locking. [6.12.1-SC]

6.12.1. SCREEN: “mode lock search” (Authors: Please provide a movie showing the evolution of the first Stokes parameter using the new polarization analyzer. Please use the filename “mode lock search”) (Video editor: This movie can be sped up for timing.) 
6.12. When done, start the script. This version of the script display the evolution of the Stokes parameter S-one as the angle is incremented. As the angular sweep begins, the laser is not mode-locked. As the polarization controller rotates, the value of S-one and the optical spectrum of the laser are evolving. When the script is over, mode locking is achieved as seen by the broad optical spectrum. [6.12.1-WIDE][6.12.2.1-SCREEN][6.12.2.2-CU]

6.12.1. The entire experimental setup is seen. Talent starting the script and showing the graph of S-one evolving and then the optical spectrum analyzer display showing a non-mode-locked spectrum. Then, when the script ends (after about 1 min 35 sec), mode-locking is achieved as seen by the broad optical spectrum.

6.12.2. (Bree: As was done in 5.3, here we can combine the following 2 sequences on a single screen split in two vertical sections. All the instructions for the video editing would be similar to what was proposed in 5.3.1.2. Also, maybe there could be better ways to combine 6.12.1 and 6.12.2 in the final movie. Feel free to do so.)

6.12.2.1. Screen shot of the script running showing the graph of S-one evolving: 6p12p2p1_Modelock_search_with_homemade_polarimeter.mp4.

6.12.2.2. The optical spectrum analyzer display showing the spectrum of the laser evolving. (Video editor: Here what we have in mind is to combine 6.12.2.1 and 6.12.2.2 on a single screen split in two vertical sections. On the left, we would put 6.12.2.1. In fact, only the window entitled “Automation_beamsplitter_JoVE.vi” is important. On the right, we would show 6.12.2.2, the optical spectrum analyzer display. It would be important to try to synchronize the two sections. When the script starts, the optical spectrum should start to evolve. Also, at the end, when the script ends and the green light is turned on in the computer window, we should see at the same time the spectrum becoming broad. We did our best to synchronize them during the shooting but it was not obvious to start Cantasia simultaneously with the real camera…Finally, this section could be sped up because it takes about 1 minute 35 sec. We could then indicate it by adding the text “Approximate script runtime is 1 min. 35 sec.” on the screen.)

7. Results: Automation of Mode-locking using a Discontinuous Jump in the Stokes Parameter S1 
7.1. This is a typical plot of the Stokes parameter S-one versus the angle of the motorized polarization state controller. S-one is calculated using power values measured from a non-commercial polarization analyzer. An abrupt change occurs when the laser reaches the mode locking state. An automated script written to stop varying the polarization controller angle at a discontinuity can find mode-lock within a few minutes. 

7.1.1. LAB MEDIA: “Figure 10.pdf” (Video editor: This goes with the first two sentences.)

7.1.2. LAB MEDIA: continued (Video editor: Please highlight the features labeled “ML” during this sentence.)

7.1.3. LAB MEDIA: continued
8. Conclusion (said by authors on camera)
8.1. Michel Olivier: The procedure can find mode locking within a few minutes. Its implementation does not affect the laser cavity design and requires only 1% of the output signal to be monitored, leaving 99% of the signal for intended applications.

8.2. Michel Olivier: For the procedure to perform, the laser parameters such as its pump power and the birefringence of the polarization controller must be pre-adjusted properly in order to avoid undesired regimes of operation such as multiple-pulsing or noise-like pulses.

8.3. Michel Olivier: Additional work will be required to study the applicability of this procedure to different laser designs and operating wavelengths.

8.4. Michel Olivier: We believe this procedure could be used in commercial fiber laser systems where one expects mode locking to occur automatically at start-up. 
9.  Author Protocol Interviews
9.1 Michel Olivier, Step 3.7 [shot 3.7.4 3.5.1]: The position of the cavity output coupler is really important since the external polarization analyzer will get its input from this coupler. It must be located just before the polarizer in order to maximize the effect of nonlinear polarization rotation.

9.2 Michel Olivier, Step 5.2 [shot 5.2.2a 5.1.1 in the version I propose]: For the automation script to be efficient, the angle of the polarization controller must be incremented by small steps of approximately 1°. Otherwise, the data could be misinterpreted by the script or the mode-locking range could be skipped over.
Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 

6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

Insert your media filenames here. When I generated some of these video files, a noise-like sound was recorded by the computer. You can of course remove this sound since the movies were not supposed to include sound.
3.12.6 – 3p12p6_Pulse_train_v2.pdf – Pulse train recorded with a fast photodiode (if we cannot show the oscilloscope display directly). It is important to use version 2 (v2) since 12.4 ns was changed to 12.2 ns. This was an error in the original manuscript.

4.2.4 – 4p2p4_Starting_the_polarimeter.mp4 – Clicking on “start” to begin a measurement with the commercial polarimeter.

4.3.1 – 4p3p1_Polarization_non_mode_locking.mp4 – Real time measurement of the polarization state as the angle is varied in a non-mode-locked region.

4.4.2 – 4p4p2_Polarization_mode_locking.mp4 – Real time measurement of the polarization state as the angle is varied near a mode-locking transition.

4.5.3 – 4p5p3_Stokes_parameters.mp4 – Setting up the “oscilloscope” mode of the polarimeter to display the Stokes parameters.

4.5.4 – 4p5p4_Stokes_measurements.mp4 – Evolution of the Stokes parameters as the controller angle varies.

5.1 to 5.3 – Animated_Figure_7.mov – A new animated version of figure 7 that fits with the new version of section 5 that I propose. Ignore this file in the new version (Michel Olivier December 7, 2015).

5.4.2 – 5p4p2_Modelock_search_with_commercial_polarimeter.mp4 – Running the script to find mode locking with the commercial polarimeter.

5.3.1.1 – 5p3p1p1_Modelock_search_with_commercial_polarimeter.mp4 – Running the script to find mode locking with the commercial polarimeter (synchronized with 5.3.1.2).

6.12.1 – 6p12p1_Modelock_search_with_homemade_polarimeter.mp4 – Running the script to find mode locking with the homemade polarization analyzer.

6.12.2.1 – 6p12p2p1_Modelock_search_with_homemade_polarimeter.mp4 – Running the script to find mode locking with the homemade polarization analyzer (synchronized with 6.12.2.2).
General Preparation
It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.

You will receive more detailed preparation instructions are included in the email accompanying the finalized script.
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